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Herpes virus saimiri (HVS) transforms human T-cells in vitro to stable growth. These T-cell lines retain their immunological
characteristics of the parent cells and do not release infectious virus. Recently, lymphocytes of Old World monkeys were
efficiently transformed by HVS. In parallel to these studies we initiated transformation experiments by infecting peripheral
blood cell cultures of 45 monkeys, 35 rhesus and 10 cynomolgus macaques. In only three cases, we obtained transformed
T-cell lines. The transformed T-cells were largely double-positive for CD4 and CD8. They responded with increased prolifera-
tion to mitogenic or IL-2 stimulation and transcribed mRNA for IL-2, IL-4, and IL-10. However, most initiated T-cell cultures
from macaques developed giant cells. The cytopathic agent was identified as simian foamy virus (SFV) as confirmed by
PCR, immunofluorescence, and coculture experiments. Treatment of the T-cell cultures with AZT- and SFV-specific sera did
only shortly prolong the life-span of the cultures. Therefore, the reactivation of SFV caused remarkable difficulties in the
establishment of macaque T-cell lines by HVS. This seems to be a general problem since most animals from several
breeding colonies are SFV-positive. q 1997 Academic Press
INTRODUCTION fascicularis), resulting in continuously proliferating T-cell
lines and that these cell lines were highly susceptible to
Herpes virus saimiri (HVS) is the prototype of g2-her-
simian immunodeficiency virus (SIV) infection. In parallel
pes viruses or rhadino viruses (Roizman et al., 1992) and
to these studies, we used strain C 488 of HVS grown
is apathogenic in its natural host, the squirrel monkey
on epithelial owl monkey kidney (OMK) cells to infect
(Saimiri sciureus). In contrast to this benign behavior in
macaque T-cells (Desrosiers and Falk, 1982). In total, 45
its natural host, HVS has a high oncogenic potential in
cultures of peripheral blood mononuclear cells (PBMC)
numerous other New World primates and causes acute
from 35 rhesus and 10 cynomolgus macaques were initi-
lymphoproliferative syndromes, leukemias, and T-cell
ated. Only 3 of the 45 cultures became successfully
lymphomas (Fleckenstein and Desrosiers, 1982). In addi-
transformed T-cell lines. Most of the initiated cell lines
tion, HVS is able to transform T-lymphocytes of nonhu-
developed syncytia due to simian foamy virus (SFV) reac-
man primates in culture (Schirm et al., 1984). Further-
tivation. Thus, the SFV infection of macaques is a general
more, human primary T-lymphocytes are readily trans-
problem for generation of HVS-transformed T-cell lines.
formed by wild-type subgroup C strains of HVS to
continuously proliferating T-cell lines (Biesinger et al.,
MATERIALS AND METHODS1992). These transformed human T-cell lines retain es-
sential properties of their parent cells and do not release Cell culture, Transformation of monkey PBMC, and
infectious virus (Mittru¨cker et al., 1992; Bro¨ker et al., 1993; detection of viral DNA
De Carli et al., 1993; Del Prete et al., 1994). Besides,
Peripheral blood mononuclear cells from the ma-HVS-transformed human T-cells are a permissive system
caques were obtained from citrated blood by Ficolldiatri-for immunodeficiency viruses (Nick et al., 1993). Recently,
zoate centrifugation (Histopaque, Sigma, Germany). CellsAkari et al. (1996) reported that HVS efficiently trans-
(1 1 106 per ml) were seeded in a medium composedformed lymphocytes of Old World monkeys, rhesus (Mm,
of 45% RPMI 1640, 45% CG medium (Vitromex, Vilshofen,Macaca mulatta), and cynomolgus monkeys (Mf, Macaca
Germany), 10% heat-inactivated fetal calf serum (FCS)
supplemented with 2 mM L-glutamine, 50 units/ml peni-1 To whom correspondence and reprint requests should be ad-
cillin, and 50 mg/ml streptomycin. The PBMC were stimu-dressed. German Primate Center, Department for Virology and Immu-
lated with 1% (v/v) phytohemagglutinin (PHA, Murex Diag-nology, Kellnerweg 4, 37077 Go¨ttingen, Germany. Fax: /49 551 3851
184. E-mail: GHUNSMA@GWDG.DE. nostics Limited, England) or 25 U/ml recombinant in-
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terleukin 2 (IL-2) (GBF, Braunschweig, Germany) for 1 incubated for 7 days at 377. For the last 6 hr of culture
0.5 mCi [3H]thymidine was added per well. The cells wereday. Subsequently infectious supernatant (10% (v/v)) from
lytically infected OMK cells were added. The infectious harvested and the incorporated radioactivity was deter-
mined in a b-counter.supernatant from OMK cells was obtained essentially
as described (Fickenscher and Fleckenstein, 1994). The
culture medium was changed twice a week and once IL- Detection of SFV
2 was added.
SFV antigens were detected by indirect immunofluo-The detection of viral DNA in HVS-transformed cells
rescence (Voss et al., 1992). Briefly, 1 1 105 cells werewas performed by the method of Gardella et al. (1984)
removed from T-cell cultures and washed once in phos-with a 32P-labeled Stp C fragment of HVS strain C 488
phate-buffered saline (PBS, 2 mM KH2PO4 ; 9 mM(Biesinger et al., 1990; Fickenscher and Fleckenstein,
Na2HPO4 , 180 mM NaCl, pH 7.2). Cells were resus-1994).
pended in 100 ml PBS and aliquots of 10 ml were pipettedWe conducted an HVS-specific polymerase chain-re-
onto glass slides. The slides were dried for 1 hr at RT.action (PCR) for the gene tip and the oncogene stp C488;
The cells were fixed for 15 min at 0207 in methanolboth are derived from a bicistronic mRNA encoded in the
and washed in PBS. Sera were diluted 1:10 in PBS andleft terminal part of the unique DNA of HVS (Biesinger et
incubated with the cells for 30 min at 377 in a humidifiedal., 1995). The PCR protocol was established by Dr. A.
atmosphere. After washing with PBS a FITC-labeled goat-Ensser (Erlangen, Germany). For the PCR, template DNA
anti-human IgG antiserum (Meda, Germany) diluted 1:20was prepared from HVS-transformed T-cell lines. About
was incubated with the cells for 20 min. The slides were1 mg of DNA was added to each PCR mixture containing
washed once again and covered with 20% (v/v) glycerol in1.5 mM Mg2/, 0.1% Triton-X 100, 200 mmol of each deoxy-
PBS prior to examination with a fluorescence microscopenucleoside triphosphate (dNTP), 25 pmol of each oligo-
(Zeiss, Germany). SFV antigen was examined with posi-nucleotide primer, and 1 U Taq polymerase (Technomara,
tive reference sera from infected macaques.Fernwald, Germany). The tip and stp C488 sequences
The presence of proviral SFV in the T-cell lines waswere detected using the following primers: tip Primer
confirmed by a conventional DNA PCR which was origi-1, 5* CTTTTAATCACCATGCACACAG 3*; tip Primer 2, 5*
nally described as a nested PCR (Schweizer et al., 1994,GTGAATCACAAAACAGCACAAAC 3*; stp C488 Primer 1,
1995). Denaturated DNA (500 ng to 1 mg) was amplified5* CTATAATGCTTGCTTTGCTCTTAG 3*; stp C488 Primer
in an 50-ml reaction containing 1.5 mM Mg2/, 0.1% Triton2, 5* CACAAACAGTCTTGAAAAAAAGGC 3*. The amplifi-
X-100, 200 mmol of each dNTP, 25 pmol of each primer,cation reaction for both HVS sequences was performed
and 1 U Taq polymerase. Foamy virus pol sequencesunder the following cycle profile: denaturation at 947 for
were detected using the following primers (Schweizer et1 min, annealing at 607 for 30 sec, and extension for 1
al., 1994, 1995): Primer 1, 5* CCTGGATGCAGAGTTGG-min at 727. The PCR products were separated by agarose
ATC 3*; Primer 2, 5* GAAGGAGCCTTAGTGGGGTA 3*.gel electrophoresis and stained with ethidium bromide.
The amplification reaction was performed under the fol-
lowing conditions: 1 min of denaturation at 947, 1 minPhenotypical characterization of HVS-transformed T-
of annealing, 2 min of extension at 727. The annealingcell lines
temperature was 387 in the 2 initial cycles and 557 in
the subsequent 28 cycles. Amplification products wereTo determine expression of cell surface antigens
analyzed in 1.5% agarose gels and visualized by ethidiumtransformed T-cells were stained with an anti-CD4 mono-
bromide staining.clonal antibody (MAb; OKT4; Ortho Diagnostics); anti-
CD8 MAb (Leu 2a; Becton–Dickinson) and anti-CD2 MAb
(Leu5b; Becton–Dickinson). The MAbs were either cou-
TABLE 1pled to FITC or phycoerythrin and diluted according to
Efficacy of T-Cell Transformation with Herpes Virus Saimirithe manufacturer’s instructions. After staining, samples
were analyzed by flow cytometry on an Epics Profile
Transforming virus Total Mma Mfa Humans(Coulter).
The cytokine profile of HVS-transformed T-cell lines HVS C 488 45/0b 35/3 10/0 90–100%d
were analyzed by RT-PCR as described by Dittmer et al. (45/0)c (35/0) (10/0)
(1996).
a Mm, Macaca mulatta; Mf, Macaca fascicularis.To study the influence of exogenous stimulation the
b Number of initiated cultures/number of successfully transformedtransformed T-cells were seeded in microtiter plates (1
cell lines.1 105 cells/well) in 100 ml CG medium supplemented c Number of initiated cultures without HVS/number of spontaneously
with 1% human AB serum. Cells were stimulated with 1% transformed cell lines.
d Fickenscher, H., and Fleckenstein, B. (1994).Concanavalin A, 1% PHA, or 25 U/ml IL-2 per well and
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FIG. 1. Syncytia formation in a herpes virus saimiri (HVS)-transformed T-cell line of rhesus monkey Mm 7086 (A). (B) Shows a control culture
without giant cell formation. Cultures were analyzed by light microscopy (Zeiss, Germany) 1100. Syncytia are indicated by an arrow.
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To detect infectious SFV coculture experiments with strated a low number of giant cell formation (Fig. 1). The
transformed T-cells and human embryonal lung fibro- transformed rhesus T-cells showed continuous growth
blasts (HEL S37) were performed (Voss et al., 1992). HEL for more than 6 months and contained episomal HVS-
S37 were grown to a confluent monolayer. Subsequently, DNA as detected in Gardella gels. To confirm the results
the cells were cocultivated with 1 1 105 transformed T- of the Gardella gel electrophoresis we conducted an
cells or with SFV-free cells as control. Formation of syn- HVS-specific PCR. In all three T-cell lines the amplifica-
cytia was microscopically examined. tion products of the oncogene stp C 488 (348 bp) and tip
To suppress SFV replication the T-cells were split and (843 bp) were detectable (data not shown). The trans-
incubated with different 3*-azido-3*-deoxythymidine (AZT) formed T-cells showed the phenotype of activated T-
concentrations ranging from 0.1 to 5 mmol per milliliter cells. They expressed the T-cell-specific marker CD2, but
added at different intervals (daily, once per week, 31 per approximately 50% of the T-cells were double positive
week) (Voss et al., 1992). A combination therapy with AZT for CD4 and CD8 (data not shown). They responded with
and 3% sera from SFV-infected rhesus monkeys (Neumann- increased proliferation after mitogenic or IL-2 stimulation
Haefelin et al., 1986) was also performed to prevent the in a proliferation assay. In addition, we measured the
spreading of infectious virus by neutralizing antibodies. mRNA synthesis of three cytokine genes in a cytokine-
specific RT-PCR. The expression of IL-2, IL-4, and IL-10
RESULTS mRNA was detectable in all three transformed T-cell
lines (data not shown). These results showed that theIn order to transform macaque T-cells with HVS, a
transformed T-cells retain essential properties of theirtotal of 45 cultures of PBMC from 35 rhesus and 10
parental cells, including cytokine gene transcription andcynomolgus macaques were initiated. However, only 3
proliferative responses. However, syncytia were ob-of the 45 cultures became successfully transformed T-
served in the cultures of the SFV-seronegative macaquescell lines (Table 1). In these three cell lines dividing cells
(Mm 7084, Mm 7205) after thawing of frozen cultures.were not visible before 2 months of culture. Successful
Therefore, we established a modified foamy-specific PCRtransformation with HVS C 488 was only achieved when
protocol to detect proviral SFV-DNA in T-cells. All threethe PBMC were prestimulated for 24 hr with PHA.
generated T-cell lines were positive for foamy provirusIn contrast, after 2–3 weeks in culture syncytia were
by PCR amplification of the pol gene (Fig. 2A). Moreover,observed in all other initiated cultures. The number of
the PBMC of Mm 7084 prior to transformation with HVSsyncytia cells increased in these cultures and the cells
were positive for foamy provirus by PCR amplification asdied within 2 months. All cultures with syncytia had been
well as the transformed T-cell line of this monkey priorinitiated from PBMC of animals seropositive for SFV as
to freezing (Fig. 2B). These results implied that SFV-sero-shown by indirect immunofluorescence. Only two cul-
negative macaques might be latently infected with SFVtures (Mm 7084 and Mm 7205) were derived from SFV-
and that the virus can be reactivated in vitro.seronegative monkeys and did not show syncytia,
whereas the culture of Mm 7086 permanently demon- In addition, the cultures with giant cell formation
FIG. 2. Polymerase chain reaction (PCR) amplification of the simian foamy virus (SFV) pol gene in rhesus monkey T-cell lines transformed by
strain 488 of herpes virus saimiri (HVS) group C. 10 ml of each amplification product was analyzed on a 1.5% agarose gel and visualized by ethidium
bromide staining. (A) The DNA from a SFV-negative B-cell line (lane 1) and from SFV-infected Vero L-cells (lane 2) were used as negative or positive
control. In lanes 3, 4, and 5 DNA from the HVS-transformed T-cell lines Mm 7205 (lane 3), Mm 7086 (lane 4), and Mm 7084 (lane 5) was analyzed.
Lane 6 shows the negative control without DNA and (M) represents the DNA marker. (B) Lane 1 and lane 2 shows the same positive and negative
control as used in (A). In lane 3 DNA from the HVS C 488 virus stock was analyzed. Lane 4 contained the DNA from PBMC of Mm 7084 prior to
transformation with HVS. In lane 5 DNA from the HVS-transformed T-cell line Mm 7084 prior freezing was analyzed. Lane 6 shows the control
without DNA and (M) represents the DNA marker. Numbers at the left indicate DNA size in base pairs (bp). The gel was documented by using the
Gelprint 2000i gel documentation system and ONE-D-Scan software (MWG Biotech, Ebersberg, Germany).
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FIG. 3. Simian foamy virus (SFV) antigens in HVS-transformed T-cells detected by indirect immunofluorescence. The T-cell lines were fixed with
cold methanol and incubated with SFV-positive (A) or negative (B) reference sera, followed by staining with FITC-conjugated goat anti-human IgG
antibodies. Immunofluorescence was detected with a Zeiss fluorescence microscope.
showed the presence of SFV antigens determined by experiments demonstrated that a concentration between
1 and 5 mmol AZT per milliliter were cytotoxic to T-cells.indirect immunofluorescence (Fig. 3). To detect infectious
SFV, human embryonal fibroblasts ( HEL S 37 ) were co- Therefore, only low concentration of AZT could be used
for the treatment of T-cell lines. With these AZT-concen-cultivated with T-cell lines positive for SFV-induced syn-
cytia. After 48 hr of coculture with SFV-positive T-cell trations we did not observe any inhibition of giant cell
formation in the treated T-cell cultures and also observedlines Hel S 37 cells exhibited multinucleated syncytia,
indicating the release of infectious SFV by these T-cell no significant prolongation of their life span. Recently,
Schweizer et al. (1993) reported that cell cultures latentlylines. Voss et al. (1992) described an inhibition of SFV-
induced giant cell formation in B-cell lines treated with infected with SFV-3 were established by suppressing
lytic infection in Vero cells with AZT- and SFV-specificAZT. We also attempted to suppress SFV replication in
HVS-transformed T-cell lines with AZT. These treatment antibodies. In contrast to their findings, we observed only
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a delayed increase of giant cell formation after the treat- tured from these animals. Therefore, simian T-cell lines
can only be established from rarely found SFV-free ma-ment of transformed T-cell lines with AZT (1 mg/ml) and
3% serum from SFV-positive macaques. However, the caques. To circumvent this problem we established T-
cell clones from rhesus and cynomolgus monkeys bySFV reactivation led to the ultimate loss of the T-cell
lines. limiting dilution techniques. SFV-free T-cell clones can
then be selected by PCR and thereafter transformed with
HVS C 488. Despite the problems of establishing HVSDISCUSSION
transformed T-cell lines from macaques the immortaliza-
tion with HVS is a powerful tool to study T-cell biologySimilar to the experimental approach reported by Akari
et al. (1996), we have transformed T-cells from Old World and antigen specificity in primates. In addition, trans-
formed T-cells can be used as a permissive system forMonkeys with subgroup C strain 488 of HVS. We were
able to generate three T-cell lines from HVS-infected immunodeficiency viruses (Akari et al., 1996; Nick et al.,
1993).PBMC cultures of 45 macaques. As it has been described
for transformed human T-cells (Biesinger et al., 1992),
these three transformed T-cell lines contained HVS ge- ACKNOWLEDGMENTS
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